The catalytic decomposition of methanol on the Group VIII metal catalysts was studied using a conventional flow reactor. 
Introduction
In the near future, it is expected that methanol would be supplied in large quantities because it is readily obtainable from abundantly natural gas, available coal, or via synthesis gas, and it has many applications such as organic synthesis, fuel cell, and in particular, on-board reforming.
Some studies on catalytic decomposition of methanol to 2H2+CO by Group VIII metal catalysts1) and by Ni-Cu catalysts2) have been made but not yet extensively.
The purpose of this study is to develop a highly active catalyst for decomposition of methanol. The authors had found that some three-component catalysts such as Ni-La2O3-Ru showed high activity for hydrogenation of carbon oxides to form methane3),4) and direct hydrogenation of carbon5). The activity of Ni-La2O3-Ru was far beyond the sum of the activities of the single component catalysts3). The reason for this phenomenon is elucidated by the adsorption study that indicated that a marked increase in CO-and H2-adsorption occurred in the three-component catalyst6). This fact suggested that the three-component catalyst could be highly active for methanol decomposition and this suggestion was ascertained7). So, to clarify the phenomenon more in detail, the reaction characteristics of various kinds of Ni-based composite catalysts and some platinum-group-metals catalysts were investigated. In addition, an industrial catalyst used for methanol synthesis from H2+CO, was also used in this study for comparison, because the catalyst could be one of the possible catalysts8),9) to achieve the purpose of this study.
Experimental 2.1 Catalysts
A silica support having meso (5nm) and macro (600nm) bimodal pore structures3) was prepared used as impregnating materials. The catalyst was prepared by incipient impregnation of aqueous solutions, followed by drying, ammonia-water vapor treatment, thermal decomposition, and hydrogen reduction3). The industrial catalyst used for methanol synthesis (ZnO-Cr2O3) was obtained from Kurare Co., Ltd..
Apparatus
and Procedure Kinetic studies were carried out in a continuous flow system10) of ordinary type under atmospheric pressure.
Methanol was injected with a microtube pump into the evaporator and after mixing with N2, carrier gas, the mixture was introduced into the catalyst bed. The catalyst was pretreated gases were analyzed by gas chromatographs with columns of MS-5A and Porapak T. covered and maintained nearly constant for several hours. On the other hand, although the activity of the Ni-La2O3-Ru catalyst (7) was smaller than that of the Ni catalyst (1), the decrease in activity carbons, however, oxygen-containing compounds such as HCOOCH3, CH3COOCH3, and CO2 were not detected. On the other hand, the industrial catalyst 8 for methanol synthesis formed detectable amounts of oxygen-containing compounds besides the products formed in catalysts 1, 7, and 3. This result suggests the reason for the slight temperature dependence of the activity of catalyst 8, that is the adsorption of oxygen-containing products strongly retards the reaction. Hydrogen, CO, HCHO, and CH4 were probably formed according to Eqs. (1)-(3) .
Reaction (2) was experimentally confirmed to occur rapidly on those catalysts.
From the material balance between H2, CO, HCHO, and CH4, the amount of H2 should be equal to the amount of (2CO+HCHO-CH4). The results in Table 2 satisfy this relationship.
From the above observations, it was concluded that Ni-based composite catalysts, especially a three-component catalyst such as Ni-La2O3-Ru, is favorable for synthesis-gas formation from methanol because of its high selectivity and stability even at high operating temperatures.
